The present work is aimed mainly to investigate and find novel route for the most important, fundamental and practical asymmetric reduction reaction of prochiral ketones in order to produce non-racemic chiral alcohols, from which many industrially important chemicals such as pharmaceuticals, agrochemicals, and natural products. This study underscored the bioreduction of various acetophenones: Acetophenone, 4'-nitroacetophenone and 4'-haloacetophenones (X=F, Cl, and Br) were chosen as the model substrates for simple ketones, nitro and halogen-containing aromatic ketones. Cynara scolumus L., Terfezia sp and Phoenix dactylifer L. were chosen as the biocatalysts. It was found that these kinds of prochiral ketones could be reduced by these plants tissue with high enantioselectivity. Both R-and S-form configuration chiral alcohols could be obtained. The ee and chemical yield could reach about 89.0 and 77.2% respectively for acetophenone, 82.0 and 52.0% respectively for 4'-nitroacetophenone and 96.5 and 65.5% respectively for 4'-haloacetophenones (X=F, Cl, and Br) reduction reaction with favorable plant tissue. The results obtained in the present study suggest that the Cynara Scolumus L, Terfezia sp and Phoenix dactylifera L can be used as biocatalysts in synthesis many enantiomerically pure pharmaceuticals.
INTRODUCTION
In recent years, chemicals reactions using plant cell cultures and part of plants as biocatalysts have received great attention. [1] [2] [3] This crescent interest is due to the wide biotechnological potential of the enzymatic reactions. The biocatalytic transformations using plants can be applied in bioreduction of ketones, [4] [5] [6] enzymatic lactonization, 7 hydrolysis of esters, 8 addition of hydrogen cyanide, 9 and hydroxylation and oxidation reaction. 10 The asymmetric reduction of Prochiral ketones is one of the most important, fundamental and practical reaction for producing non-racemic chiral alcohols, from which many industrially important chemicals such as pharmaceuticals, agrochemicals, and natural products.
The catalysts for the asymmetric reduction of prochiral ketones can be classified into two categories: chemical and biological methodologies. Presently, there are five chemical reagents which are extensively used in asymmetric reduction: Brown's DIP chloride, 11, 12 Midlands Alpin-Boranes, 13 Corey's oxazaborolidines, 14, 15 Nyori's BINAL-H and BINAP-Ru complexes. 16 In 2000, L. Sekhri and N. J. Lawrence utilized Corey's oxazaborolidine to obtain excellent yields and enantioselectivities for a variety of diphenylphosphynoyl alcohols 17 . The biological catalysts used for the asymmetric reductions, baker's yeast, [18] [19] [20] [21] and vegetables, 22 germinated plant 23 has been applied to organic synthesis because these biocatalysts are easily obtainable from markets and easily manipulated. An increasing number of reports dealing with the assessment of bioreduction of prochiral ketones using plants are frequently available. [24] [25] [26] [27] [28] [29] [30] Following with our studies in asymmetric reduction of prochiral ketones, either using chemical 17 or biological 27 methodologies, we wish to report this study in order to explore the asymmetric reduction of different kinds of prochiral ketones catalyzed by various plants tissue. Acetophenone 1a was chosen as a preferred model substrate of simple ketones; 4-chloroaceto phenone 2a was chosen as the model substrate of halogen-containing aromatic ketones such as 4'-bromoacetophenone 3a and 4'-fluoroaceto phenone 4a, since the single enantiomer of halogen-containing aromatic alcohols is one of the most important kinds of kiral building blocks for many enantiomerically pure pharmaceuticals, such as L-chlorprenaline, R-tomoxetine, S-fluoxetine, Rsalbutamol, and R-denopamine. 31 Cynara Scolumus L, Terfezia sp and Phoenix dactylifera L were chosen as the biocatalyst, since the literature concerning these plants contains little or no information on its uses as biocatalysts.
Cynara scolumus L., Terfezia sp and Phoenix dactylifer L. are known locally as "Karnoun", "Terfas or Elkamaa" and "Djmar" respectively.
EXPERIMENTAL

General methods
Acetophenone 1a, 4'-chloroaceto phenone 2a, 4'-bromooroaceto phenone 3a, 4'-fluoroacetophenone 4a and 4'-nitroacetophenone 5a, were purchased from Aldrich. These chemicals were used without further purification. Thinchromatography (TLC) was performed using precoated plates (Aluminium foil, silica gel 60 F 254 Merck, 0.25mm). Merck 60 silica gel (230-400 mesh) was used for flash chromatography. Optical rotations were determined on Euromex Polarimeter PM. 5400 (Mitscherlich type polarimeter).
All 300 MHz and 75 MHz 13 C NMR spectra were run on a Bruker AC 300 NMR spectrometer. Both 1 H NMR and 1 C NMR spectra were recorded using CHCl 3 as internal standard; Infrared spectra were recorded using a Perkin-Elmer 783 spectrometer equipped with a PE 600 data station.
Biocatalysts
Fresh Cynara scolumus L., Terfezia sp and Phoenix dactylifer L. were obtained from a local market. Terfezia sp grows in the disert (south of Algeria): Laghouat, El-Beith, Ghardia and Ouargla; Phoenix dactylifer L. was taken from the palm pulp stalks. To increase the contact of the substrate with the biocatalyst, the external pulp of the plants was removed and the rest was carefully cut into small thin pieces (approximately 1 cm long slice).
Synthesis of the chiral alcohols 1b-5b
The chiral alcohols 1b-5b were synthesized by reduction of the corresponding acetophenones 1a-5a using Cynara Scolumus L, Terfezia sp and Phoenix dactylifera L as biocatalysts.
General procedures for biotransformations:
Typical reaction mixture of (0.02 mol) appropriate ketones 1a-5a, 2% (W/V) of glucose or i-PrOH (in the case of solid ketones), 20 ml of phosphate buffer (pH = 6.5) was added to 25g of cultured plants suspension in 80 mL deionized water. The reaction mixture was agitated in orbital incubator shaker (150 rpm) at 30°C for the time indicated in the tables 1-4. The progress of the reaction was monitored by TLC. The plants pieces were then removed by filtration, washed with deionized water and the filtrate was extracted with petroleum ether (3x100ml). The petroleum ether fraction was dried over anhydrous (MgSO 4 ) and the solvent was evaporated to get the final product. Then chemical yield and enantioselectivity were determined. Each experiment was parallelly repeated at least three times. Then the average value and standard deviations were given.
The products were identified by comparing their data with those of authentic samples on TLC, by IR, and 1 HNMR spectra. The presence of alcoholic group in the final product was chemically confirmed by acetyl chloride test.
Identification of chiral alcohols 1b-5b by optical properties spectroscopic data Phenylethanol (1b)
Using Cynara scolumus L: (R)- (1b) C NMR spectra of (2b) were identical to those of authentic samples. 33 
RESULTS AND DISCUSSION
Asymmetric transformations invariably involve the conversion of two dimentional substrate into a three dimentional product. For prochiral ketones such as acetophenone reduction shown in scheme 1, addition to the back face gives 1-phenyl alcohol with R configuration, while addition to the back face gives alcohol with S configuration.The problem of course is that most common reducing agents, such as sodium borohydride or lithium aluminium hydride, react equally readily with either face. The most obvious solution to this problem is to use a hydride source which itself is enantiomerically pure in principal such as reagent will transfer the hydride to each face of the ketone through diastereoisomerically distinct transition state, which gives at least a fighting chance of an enrgy difference, and preference for addition to one face over the other.
Moreover, plants are potential biocatalysts used as the alternative solution to this problem, since they are easily obtainable from markets and easily manipulated. Asymmetric reduction reactions of acetophenone 1a, 4-chloroacetophenone 2a, 4'- Cynara scolumus L., Terfezia sp and Phoenix dactylifer L. was selected as the biocatalysts Bioreduction of various acetophenones with Cynara scolumus L Acetophenone is a preferred model substrate of simple ketones and aromatic ketones for asymmetric reaction. Acetophenone could be reduced to chiral 1-phenylethanol with attractive enantioselectivity. The yield and ee are 30 and 53% respectively catalyzed by Cynara scolumus L. and the reaction reached the equilibrium within 2 days (48h). Moreover, the best results can be obtained by asymmetric reduction of 4'-haloacetophenones (X=F, Cl, and Br) and 4'-ntroacetophenone by Cynara scolumus L. in terms of the yield and ee. The yield and ee are (29) (30) (31) (32) (33) (34) (35) (36) and (71.4-96.5) % and the reaction reached the equilibrium within 4 days (96 hours). The halogen-containing aromatic ketones such as 4'-chloroacetophenone is more acceptable to plant cells than simple aromatic ketone and the halogen bond on the phenyl group enlarges the difference between the two groups on both sides of the carbonyl, therefore improving the enantioselectivity of this reduction reaction. The results of asymmetric reduction of various acetophenones by Cynara scolumus L. are summarized in table-1.
Bioreduction of various acetophenones with Terfezia sp
The halogen-containing aromatic alcohols can be synthesized by asymmetric reduction of the corresponding prochiral halogen containing aromatic ketones. To investigate the asymmetric reduction of the halogen containing aromatic ketones catalyzed by Terfezia sp, 4'-chloroacetophenone was chosen as the model substrate, since it posses the general peculiarities of this kind of ketones. Moreover, the products, R-or S-1-(4'-chlorophenyl) ethanol, are key chiral intermediates for many chiral drugs. 31 The results were shown in table 2.
It was observed that the reaction results of asymmetric reduction of 4'-chloroacetophenone 2a, 4'-bromoacetophenone 3a and 4'-fluoroacetophenone 4a by this plant tissue are similar to that of acetophenone. Even more interesting is that the enantioselectively is (28-50) % to this plant, remarkably higher than that of acetophenone reduction reaction. This indicates that the halogen-containing aromatic ketone is more acceptable to plant cells than simple aromatic ketone and the halogen bond on the phenyl group enlarges the difference between the two groups on both sides of the carbonyl, therefore improving the enantioselectivity of this reduction reaction.
Bioreduction of various acetophenones with Phoenix dactylifera L
The product chemical yield and enantioselectivity of the reduction reaction are shown in Table 3 . The best results were obtained from the plant, Phoenix dactylifera L, as a biocatalyst. The yield and ee are excellent (51.5-77.2) % and (66-89) % respectively compared with those obtained with tested plants, Cynara scolumus L.and Terfezia sp. 
CONCLUSION
This study underscored the bioreduction of various acetophenones with Cynara scolumus L., Terfezia sp and Phoenix dactylifer L. Acetophenone, 4'-haloacetophenones (X=F, Cl, and Br) and 4'-ntroacetophenone can be effectively reduced to the corresponding chiral alcohols by the applied plants tisse. Moreover, both R-and Sform configuration chiral alcohols could be obtained through these asymmetric reduction reactions. Acetophenone could be reduced to chiral 1-phenylethanol with attractive enantioselectivity. The yield and ee are 30 and 53.3% respectively catalyzed by the tested plant: Cynara scolumus L. and the reaction reached the equilibrium within 2 days (48h). However, the results of asymmetric reduction of 4'-haloacetophenones (X=F, Cl, and Br) and 4'-nitroacetophenone by Cynara scolumus L. are more attractive in terms of the yield and ee. The yield and ee are (29) (30) (31) (32) (33) (34) (35) (36) and (71.4-96.5) % respectively and the reaction reached the equilibrium within 2-4 days (48-96 hours). The reason is that 4'-nitroacetophenone and halogencontaining aromatic ketones such as 4'-chloroacetophenone is more acceptable to plant cells than simple aromatic ketone. The favorable plant tissue to all tested acetophenones is Phoenix dactylifera L based on the chemical yield (52.0-77.2%) and ee results (60.0-89.0%). However, with the plant tissue, Terfezia sp , the ee and yield were not so satisfactory as shown table 2 for the reduction of all tested acetophenones. This provides a new rout to produce chiral alcohols, as the platform chemicals for enantiomerically pure pharmaceuticals, through asymmetric reduction of the corresponding prochiral ketones.
